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DQGKDYHEHHQZLGHO\ LQYHVWLJDWHG >@0RUH UHFHQWO\ WKH DXWKRUV DOVR FRQGXFWHGQXPHULFDO LQYHVWLJDWLRQVRQ
HIIHFWVRIZRUNKDUGHQLQJPLVPDWFKRQIUDFWXUHEHKDYLRURIELPDWHULDOLQWHUIDFHUHJLRQVLQGLVVLPLODUPHWDOZHOGHG
MRLQWV>@,QDGGLWLRQLWKDVEHHQVKRZQLQWKHSUHYLRXVVWXGLHVRIDXWKRUV>@DQGLQWKHOLWHUDWXUH>@WKDW
WKH ORFDO IUDFWXUH UHVLVWDQFH LQ FRQMXQFWLRQ ZLWK ORFDO PDWHULDO FRQVWUDLQW HIIHFWV DQG FUDFN SDWK GHYLDWLRQ DUH
VWURQJO\LQIOXHQFHGE\WKHORFDOVWUHQJWKPLVPDWFKHVLQWKHELPDWHULDOLQWHUIDFHUHJLRQVLQGLVVLPLODUPHWDOZHOGHG
MRLQWV
+RZHYHU WKH VWXGLHVRQ HIIHFWV RI WKH WRXJKQHVVPLVPDWFKRQ IDLOXUHEHKDYLRU RI LQWHUIDFH UHJLRQV LQZHOGHG
MRLQWVDUHYHU\ OLPLWHG7KHUHVXOWV LQDIHZVWXGLHVVKRZHGWKDW WKH WRXJKQHVVPLVPDWFKDOVRFDQFDXVH WKHFUDFN
JURZWKGHYLDWLRQDQGWKHFKDQJHRIWKHIUDFWXUHPHFKDQLVP>@%XWWKHVHVWXGLHVZHUHPDLQO\OLPLWHGWRFUDFNV
LQZHOGHG MRLQWVZLWK VSHFLILF VWUHQJWK DQG WRXJKQHVVPLVPDWFKHV 7KH HIIHFWV RI WRXJKQHVVPLVPDWFK RQ IDLOXUH
EHKDYLRURIWKHELPDWHULDOLQWHUIDFHUHJLRQVXQGHUGLIIHUHQWVWUHQJWKPLVPDWFKOHYHOVKDYHQRWEHHQV\VWHPDWLFDOO\
LQYHVWLJDWHGDQGFRPSOHWHO\XQGHUVWRRG
,Q WKLV SDSHU WKH ILQLWH HOHPHQW PHWKRG )(0 EDVHG RQ *71 GXFWLOH GDPDJH PHFKDQLFV PRGHO LV XVHG WR
LQYHVWLJDWHWKHHIIHFWRIWRXJKQHVVPLVPDWFKRQIDLOXUHEHKDYLRURIFUDFNVORFDWHGLQWKHELPDWHULDOLQWHUIDFHVXQGHU
IRXUVWUHQJWKPLVPDWFKOHYHOV
)LQLWHHOHPHQWPRGHOVDQGQXPHULFDOSURFHGXUHV
2.1. GTN model and parameters 
7KHPLFURVFRSLFPHFKDQLVPRIGXFWLOHFUDFNJURZWKLVQXFOHDWLRQJURZWKDQGFRDOHVFHQFHRIPLFURYRLGV,QWKH
GXFWLOHGDPDJHPRGHOEDVHGRQORFDODSSURDFKRQHRIWKHPRVWFRPPRQO\XVHGGXFWLOHGDPDJHPRGHOVLV*XUVRQ
7YHUJDDUG1HHGOHPDQ *71 GDPDJHPRGHO >@ 7KH *71PRGHO FRQWDLQV QLQH SDUDPHWHUV LQ JHQHUDO WKH
FRQVWLWXWLYHSDUDPHWHUVq1q2DQGq3WKHLQLWLDOYRLGYROXPHIUDFWLRQƒ0WKHYRLGQXFOHDWLRQSDUDPHWHUV¦NѓNDQGSN
WKHFULWLFDOYRLGYROXPHIUDFWLRQƒCDQGWKHILQDOIDLOXUHSDUDPHWHUƒF7RVLPSOLI\WKHFRPSOH[FDOLEUDWLRQSURFHVV
IRUWKHVHSDUDPHWHUVWKHq1q2DQGq3DUHXVXDOO\IL[HGWREHq1 q2 q3 q1DQGWKHYDOXHVRIѓN DQG
SN KDYHEHHQXVHGLQPRVWLQYHVWLJDWLRQVIRUYDULRXVVWHHOVDQGDOOR\V>@7KHSDUDPHWHUV¦¦NƒC DQGƒF
DUH FRPPRQO\ REWDLQHG E\ ILWWLQJ WKH QXPHULFDO UHVXOWV RI JUHVLVWDQFH FXUYHV ZLWK H[SHULPHQWDO UHVXOWV 7KHVH
SDUDPHWHUVRI$VWHHOf0 fN fC DQGfF KDYHEHHQREWDLQHGLQDSUHYLRXVVWXG\RI
DXWKRUV>@DQGZHUHXVHGLQSUHVHQWVWXG\
2.2. Materials 
)RU LQYHVWLJDWLQJ HIIHFWV RI WRXJKQHVVPLVPDWFKHV RQ IDLOXUH EHKDYLRU RI ELPDWHULDO LQWHUIDFH XQGHU GLIIHUHQW
VWUHQJWK PLVPDWFK OHYHOV WZR PDWHULDOV FRPSRVHG RI WKH ELPDWHULDO MRLQW ZLWK WKH VDPH HODVWLF SURSHUWLHV EXW
GLIIHUHQW\LHOGVWUHQJWKDQGWRXJKQHVVSURSHUWLHVZHUHDVVXPHG2QHPDWHULDOLVWKHFRPPRQIHUULWLFORZDOOR\VWHHO
$DQGDQRWKHUPDWHULDOLVDVVXPHGWRKDYHGLIIHUHQW\LHOGVWUHQJWKDQGWRXJKQHVVZKLFKLVGHQRWHGDV$)
7KH$DQG$)PDWHULDOVKDYH WKHVDPHE  03D3RLVVRQ¶VUDWLRȞ  Į DQGn DW
URRP WHPSHUDWXUH >@7KH WHQVLOH \LHOG VWUHVVıRI WKH$PDWHULDO LV 03D >@ DQG WKDW RI WKH$)
PDWHULDOLVFKDQJHGIURP03DWR03D7KHWUXHVWUHVVWUXHSODVWLFVWUDLQFXUYHVRIWKH$)PDWHULDOV
ZLWKGLIIHUHQW\LHOGVWUHVVıDQGWKHVDPHSODVWLFKDUGHQLQJSURSHUWLHVDWURRPWHPSHUDWXUHDUHVKRZQLQ)LJDQG
WKHFXUYHZLWKı 03DLVWKHVDPHDVWKDWRIWKH$PDWHULDO
2.3. Specimen geometry and toughness mismatch 
7KH VLQJOH HGJHQRWFKHG EHQG 6(1% VSHFLPHQ ZLWK ELPDWHULDO LQWHUIDFH ZDV XVHG IRU )(0 DQDO\VHV ZLWK
$%$486FRGH7KHORDGLQJFRQILJXUDWLRQDQGJHRPHWU\RIVSHFLPHQLVLOOXVWUDWHGLQ)LJ7KHORDGLQJSRLQWDQG
LQLWLDOFUDFNDUHORFDWHGDWWKHFHQWHURIWKHVSHFLPHQ7KHORDGLQJVSDQSRIWKHVSHFLPHQLVPPWKHZLGWKWLV
PPDQGWKHFUDFNGHSWKa/WLV
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
)LJ7UXHVWUHVVWUXHSODVWLFVWUDLQFXUYHVRIWKH$)PDWHULDOVZLWKGLIIHUHQW\LHOGVWUHVVıDQGWKHVDPHSODVWLFKDUGHQLQJSURSHUWLHVDW
URRPWHPSHUDWXUHWKHFXUYHZLWKı 03DLVWKHVDPHDVWKDWRIWKH$PDWHULDO>@

)LJ7KHORDGLQJFRQILJXUDWLRQDQGJHRPHWU\RIVSHFLPHQ
)RU H[DPLQLQJ WKH HIIHFW RI WRXJKQHVV PLVPDWFK RQ IDLOXUH EHKDYLRU RI ELPDWHULDO LQWHUIDFHV XQGHU GLIIHUHQW
VWUHQJWKPLVPDWFKOHYHOVDQGIDFLOLWDWLQJWKHLQWHUSUHWDWLRQRIUHVXOWVRQO\WKH\LHOGVWUHVVıDQGWRXJKQHVVRIWKH
$)PDWHULDOZHUHFKDQJHG7KHVWUHQJWKPLVPDWFKIDFWRUMSLVGHILQHGDVWKHUDWLRRI\LHOGVWUHVVRIWKH$)
PDWHULDODQGWKDWRIWKH$PDWHULDODVVKRZQLQ(T
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7KH RWKHU *71 SDUDPHWHUV RI WKH $) DQG $ DUH WKH VDPH H[FHSW WKH f0 fC DQG fF 6HYHQ WRXJKQHVV
PLVPDWFKOHYHOVDUHGHVLJQHGDQGWKHWRXJKQHVVPLVPDWFKIDFWRUMTDQGFRUUHVSRQGLQJf0fCDQGfFYDOXHVRI$
)DUH OLVWHG LQ7DEOH)RXUVWUHQJWKPLVPDWFK OHYHOVDUHFKRVHQZLWKMS VWUHQJWKXQGHUPDWFKHGMS 
VWUHQJWKHYHQPDWFKMS ORZHUVWUHQJWKRYHUPDWFKHGOHYHODQGMS KLJKHUVWUHQJWKRYHUPDWFKHGOHYHO
)RUHDFKVWUHQJWKPLVPDWFK OHYHOVHYHQ WRXJKQHVVPLVPDWFK OHYHOVDUHVLPXODWHGZLWKLRYHUPDWFKHGMT 
DQGLLHYHQPDWFKHGMT DQGLLLXQGHUPDWFKHGMT DQG7KHLQLWLDOFUDFNLVORFDWHGDWWKH
$$)LQWHUIDFH
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7DEOH7KHWRXJKQHVVPLVPDWFKIDFWRUMTDQGFRUUHVSRQGLQJf0fCDQGfFYDOXHVRI$)DWURRPWHPSHUDWXUH>@
7RXJKQHVVPLVPDWFK MT  MT  MT  MT  MT  MT  MT  
f0       
fC       
fF       
2.4. Finite element model 
7KHILQLWHHOHPHQWPRGHOIRUVLPXODWLQJGXFWLOHFUDFNJURZWKEDVHGRQ*71PRGHOLVVKRZQLQ)LJ7KHILQLWH
HOHPHQWFDOFXODWLRQVZHUHSHUIRUPHGXVLQJ$%$486FRGHDQG'SODQHVWUDLQIRXUQRGH LVRSHULPHWULFHOHPHQWV
ZLWKUHGXFHGLQWHJUDWLRQ&3(5ZHUHXVHG7KHORDGLQJZDVDSSOLHGDWWKHXSFHQWHURIWKH6(1%VSHFLPHQE\
SUHVFULELQJDGLVSODFHPHQWRIPP7KHPHVKVL]HVRIPPu PPZHUHXVHGDORQJWKHFUDFNJURZWKDUHDLQ
WKLVVWXG\


)LJ7\SLFDOPHVKHVLQWKHILQLWHHOHPHQWPRGHORI'VSHFLPHQ
5HVXOWVDQGGLVFXVVLRQ
3.1.  Effects of toughness mismatch on fracture resistance curves of bi-material interfaces 
)LJXUH  VKRZV WKH JUHVLVWDQFH FXUYHV J-R FXUYHV IRU WKH $$) LQWHUIDFH FUDFNV ZLWK GLIIHUHQW
WRXJKQHVVPLVPDWFKIDFWRUVMTXQGHUIRXUVWUHQJWKPLVPDWFKOHYHOV)RUFRPSDULVRQWKHH[SHULPHQWDOJ-RFXUYHRI
KRPRJHQRXVPDWHULDO$ZLWKMT DQGMS >@LVDOVRLQFOXGHGLQ)LJE7KHJ-RFXUYHFDOFXODWHGIRU
WKHMT DQGMS DJUHHVZHOOZLWKWKHH[SHULPHQWDORQHZKLFKYDOLGDWHVWKHFDOFXODWLRQPRGHO,WLVLQWHUHVWLQJ
WRVHHIURP)LJWKDWWKHHIIHFWRIWRXJKQHVVPLVPDWFKRQIUDFWXUHUHVLVWDQFHRILQWHUIDFHFUDFNVLVUHODWHGWRWKH
VWUHQJWKPLVPDWFKDQGLWFDQEHGHVFULEHGDVIROORZV
)RUVWUHQJWKXQGHUPDWFKHGZLWKMS  WRXJKQHVVPLVPDWFKKDVVLJQLILFDQWHIIHFWRQIUDFWXUHUHVLVWDQFH
DQGZLWK LQFUHDVLQJ WRXJKQHVVPLVPDWFK IDFWRUMT IURP WR  WKH IUDFWXUH UHVLVWDQFH FXUYHV GHFUHDVH )LJ
D
)RUVWUHQJWKHYHQPDWFKZLWKMS WRXJKQHVVRYHUPDWFKHGZLWKMT HVVHQWLDOO\KDYHQRHIIHFWVRQ
IUDFWXUHUHVLVWDQFHFXUYHVDQGZLWKLQFUHDVLQJWRXJKQHVVXQGHUPDWFKHGOHYHOIURPMT WRIUDFWXUHUHVLVWDQFH
FXUYHVGHFUHDVH)LJE
)RUORZHUVWUHQJWKRYHUPDWFKHGOHYHOZLWKMS ZLWKLQFUHDVLQJWRXJKQHVVPLVPDWFKIDFWRUMTIURP
WRIUDFWXUHUHVLVWDQFHFXUYHVGRQRWFKDQJH%XWZKHQWKHMTLVLQFUHDVHGIURPWRIUDFWXUHUHVLVWDQFHFXUYHV
GHFUHDVH)LJF
)RUKLJKHUVWUHQJWKRYHUPDWFKHGOHYHOZLWKMS ZLWKLQFUHDVLQJWRXJKQHVVPLVPDWFKIDFWRUMTIURP
WR  IUDFWXUH UHVLVWDQFH FXUYHV GR QRW FKDQJH 2QO\ IRU WKHPD[LPXP WRXJKQHVVPLVPDWFK ZLWKMT    WKH
IUDFWXUHUHVLVWDQFHFXUYHVLJQLILFDQWO\GHFUHDVHV)LJG
7KHUHVXOWVDERYHLPSO\WKDWIRUVWUHQJWKXQGHUPDWFKHGMS DQGHYHQPDWFKMS WRXJKQHVVPLVPDWFK
KDVVLJQLILFDQWHIIHFWVRQIUDFWXUHUHVLVWDQFHRIWKHLQWHUIDFHFUDFNVDQGZLWKLQFUHDVLQJWRXJKQHVVPLVPDWFKGHJUHH
LQFUHDVLQJMT WKH IUDFWXUH UHVLVWDQFHGHFUHDVHV)RUVWUHQJWKRYHUPDWFKHGZLWKMS!ZLWK LQFUHDVLQJVWUHQJWK
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PLVPDWFKGHJUHHIURPMS WR WKHHIIHFWRI WRXJKQHVVPLVPDWFKRQLQWHUIDFHIUDFWXUHUHVLVWDQFHEHFRPHV
ZHDNHQDQGRQO\KLJKHUWRXJKQHVVPLVPDWFKGHJUHHKLJKHUMT IRUVWUHQJWKPLVPDWFKZLWKMS DQG
MT IRUVWUHQJWKPLVPDWFKZLWKMS FDQLQIOXHQFHDQGUHGXFHWKHIUDFWXUHUHVLVWDQFH

   
   
)LJJUHVLVWDQFHFXUYHVRIWKH$$)LQWHUIDFHFUDFNVZLWKGLIIHUHQWWRXJKQHVVPLVPDWFKIDFWRUVMT
XQGHUIRXUVWUHQJWKPLVPDWFKOHYHOVRIMS D MS EMS FDQGMS G


)LJ)UDFWXUHWRXJKQHVVJICRI$$)LQWHUIDFHFUDFNVZLWKGLIIHUHQWWRXJKQHVVPLVPDWFKHVXQGHUIRXUVWUHQJWKPLVPDWFKHV
7KHGXFWLOH IUDFWXUH WRXJKQHVVJ1CRI WKHVSHFLPHQVFDQEHGHWHUPLQHGE\ WKHPPRIIVHW OLQHV LQ WKHJǻa 
FXUYHVLQ)LJ7KHUHODWLRQVKLSEHWZHHQIUDFWXUHWRXJKQHVVJ1CDQGWRXJKQHVVPLVPDWFKIDFWRUMTJ1CMTFXUYHV
IRUWKHLQWHUIDFHFUDFNVXQGHUDERYHIRXUVWUHQJWKPLVPDWFKHVDUHVKRZQLQ)LJ,WFDQEHVHHQIURP)LJWKDWWKH
HIIHFWRIWRXJKQHVVPLVPDWFKRQIUDFWXUHWRXJKQHVVLVUHODWHGWRVWUHQJWKPLVPDWFK)RUWKHLQWHUIDFHFUDFNVXQGHU
VWUHQJWKXQGHUPDWFK MS  DQGHYHQPDWFK MS  WKH IUDFWXUH WRXJKQHVVJ1CRI$$) LQWHUIDFH LV
VLJQLILFDQWO\DIIHFWHGE\WRXJKQHVVPLVPDWFKDQGLWGHFUHDVHVZLWKLQFUHDVLQJWRXJKQHVVPLVPDWFKLQFUHDVLQJMT
)RUKLJKHUVWUHQJWKPLVPDWFKMS DQGRQO\H[WUHPHO\KLJKWRXJKQHVVPLVPDWFKVXFKDVMT IRU
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VWUHQJWKPLVPDWFKZLWKMS    DQGMT    IRU VWUHQJWKPLVPDWFKZLWKMS    FDQ LQIOXHQFH DQG UHGXFH
IUDFWXUHWRXJKQHVV
)RUH[SODLQLQJWKHYDULDWLRQVLQJUHVLVWDQFHFXUYHVDQGIUDFWXUHWRXJKQHVVRI$$)LQWHUIDFHFUDFNVWKH
FUDFNJURZWKSDWKVZLWKGLIIHUHQWWRXJKQHVVPLVPDWFKHVXQGHUIRXUVWUHQJWKPLVPDWFKOHYHOVDUHDQDO\]HG)LJV
VKRZ WKH FUDFNJURZWKSDWKV IRU GLIIHUHQWMT DQG WKH YRLG YROXPH IUDFWLRQ 99) FRQWRXUV IRU W\SLFDO LQWHUIDFH
FUDFNVZLWKMT XQGHUWKUHHVWUHQJWKPLVPDWFKOHYHOVRIMS MS DQGMS UHVSHFWLYHO\,WFDQEH
DQDO\]HGDVIROORZV
)RU VWUHQJWKXQGHUPDWFKHGZLWKMS  WKH WRXJKQHVVPLVPDWFKKDV VLJQLILFDQW HIIHFW RQ FUDFNJURZWK
SDWK7KHFUDFNSDWKJHQHUDOO\GHYLDWHVWRWKH$)PDWHULDOZLWKORZHUVWUHQJWKDQGWRXJKQHVVGXHWRWKHVWUHQJWK
DQG WRXJKQHVVPLVPDWFKHV EHWZHHQ$ DQG$)%HFDXVH RI WKH FUDFN JURZWK GHYLDWLRQ LQWR$) WKH
PHDVXUHGIUDFWXUHUHVLVWDQFHDQGIUDFWXUHWRXJKQHVVPDLQO\UHIOHFWWKHIUDFWXUHUHVLVWDQFHDQGWRXJKQHVVRI$)
PDWHULDO)XUWKHUPRUHZLWKLQFUHDVLQJWRXJKQHVVPLVPDWFKGHJUHHIURPMT WRWKHIUDFWXUHUHVLVWDQFHDQG
WRXJKQHVVRIWKHLQWHUIDFHGHFUHDVHVGXHWRWKHGHFUHDVHRIWRXJKQHVVRI$)
)RUVWUHQJWKHYHQPDWFKZLWKMS QRVWUHQJWKPLVPDWFK WKHWRXJKQHVVPLVPDWFKDOVRLQIOXHQFHVFUDFN
JURZWK SDWKV DQG WKH LQWHUIDFH FUDFNV JHQHUDOO\ JURZ LQWR WKHPDWHULDOVZLWK ORZHU WRXJKQHVV )RU WKH LQWHUIDFH
FUDFNVZLWKWRXJKQHVVXQGHUPDWFKMTWKH$VLGHKDVORZHUWRXJKQHVVWKDQWKH$)VLGHDQGWKHFUDFNV
JURZ LQWR WKH $ ,Q WKLV FDVH WKH PHDVXUHG IUDFWXUH UHVLVWDQFH DQG WRXJKQHVV IRU WKH ELPDWHULDO LQWHUIDFHV
PDLQO\ GHSHQG RQ WKH IUDFWXUH UHVLVWDQFH DQG WRXJKQHVV RI$PDWHULDO DQG DUH UHJDUGOHVV RI WKH WRXJKQHVV RI
$)PDWHULDO7KLVLVWKHUHDVRQZK\WKHJUHVLVWDQFHFXUYHVDQGIUDFWXUHWRXJKQHVVGRQRWFKDQJHIRULQWHUIDFH
FUDFNVZLWKMTXQGHUVWUHQJWKHYHQPDWFKMS :KLOHIRU WKH LQWHUIDFHFUDFNVZLWK WRXJKQHVVRYHUPDWFK
MT!WKHFUDFNSDWKVGHYLDWHGLQWR$)ZLWKORZHUWRXJKQHVV,QWKLVFDVHWKHPHDVXUHGIUDFWXUHUHVLVWDQFH
DQGWRXJKQHVVRIWKHLQWHUIDFHFUDFNVDUHPDLQO\GHWHUPLQHGE\IUDFWXUHUHVLVWDQFHDQGWRXJKQHVVRI$)PDWHULDO
DQG ZLWK LQFUHDVLQJ WRXJKQHVV PLVPDWFK GHJUHH IURPMT    WRMT    WKH JUHVLVWDQFH FXUYHV DQG IUDFWXUH
WRXJKQHVVGHFUHDVHGXHWRWKHGHFUHDVHRIWRXJKQHVVRI$)
)RUORZHUVWUHQJWKRYHUPDWFKHGOHYHOZLWKMS WKHHIIHFWRIWRXJKQHVVPLVPDWFKRQFUDFNJURZWKSDWKLV
UHODWHGWRWKHWRXJKQHVVPLVPDWFKGHJUHH)RUWKHORZHUWRXJKQHVVPLVPDWFKGHJUHHIURPMT WRWKHFUDFN
JURZWKSDWKVDUHPDLQO\GRPLQDWHGE\WKHVWUHQJWKPLVPDWFKDQGWKHFUDFNVSURSDJDWHGLQWRWKH$PDWHULDOZLWK
ORZHUVWUHQJWK,QWKLVFDVHWKHJRFXUYHVDQGWRXJKQHVVRIWKHLQWHUIDFHFUDFNVDUHGHWHUPLQHGE\WKRVHRI$
PDWHULDO DQG DUH UHJDUGOHVV RI WKH WRXJKQHVV RI$)PDWHULDO7KH UHDVRQ IRU WKLV LV WKDW WKH ORFDO KLJK VWUHVV
WULD[LDOLW\ DQG HTXLYDOHQW SODVWLF VWUDLQ IRU SURPRWLQJ GXFWLOH FUDFN JURZWK RFFXU LQ $ PDWHULDO ZLWK ORZHU
VWUHQJWKGXHWRORFDOPDWHULDOFRQVWUDLQWHIIHFW7KLVUHVXOWLPSOLHVWKDWWKHIUDFWXUHUHVLVWDQFHDQGFUDFNJURZWKSDWK
RI WKH LQWHUIDFHV DUH PDLQO\ FRQWUROOHG E\ VWUHQJWK PLVPDWFK UDWKHU WKDQ WRXJKQHVV PLVPDWFK IRU WKH ORZHU
WRXJKQHVVPLVPDWFKGHJUHHZLWKMT :KLOHIRUWKHKLJKHUWRXJKQHVVPLVPDWFKGHJUHHZLWKMT DQG
WKHFUDFNV LQLWLDWHDQGSURSDJDWH LQ$)VLGHZLWKH[WUHPHO\ ORZ WRXJKQHVVDQG WKHFRUUHVSRQGLQJJRFXUYHV
DQGWRXJKQHVVDUHDOVRH[WUHPHO\ORZ7KLVLPSOLHVWKDWIRUWKHKLJKHUWRXJKQHVVPLVPDWFKGHJUHHWKHFUDFNJURZWK
SDWKDQGIUDFWXUHUHVLVWDQFHFDQEHFRQWUROOHGE\WRXJKQHVVPLVPDWFKUDWKHUWKDQVWUHQJWKPLVPDWFK

   
)LJ&UDFNJURZWKSDWKVIRUGLIIHUHQWWRXJKQHVVPLVPDWFKIDFWRUVMTDDQGWKHYRLGYROXPHIUDFWLRQ99)FRQWRXUIRU
W\SLFDOLQWHUIDFHFUDFNZLWKMT EXQGHUVWUHQJWKXQGHUPDWFKRIMS 
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   
)LJ&UDFNJURZWKSDWKVIRUGLIIHUHQWWRXJKQHVVPLVPDWFKIDFWRUVMTDDQGWKHYRLGYROXPHIUDFWLRQ99)FRQWRXUIRU
W\SLFDOLQWHUIDFHFUDFNZLWKMT EXQGHUVWUHQJWKHYHQPDWFKRIMS 

   
)LJ&UDFNJURZWKSDWKVIRUGLIIHUHQWWRXJKQHVVPLVPDWFKIDFWRUVMTDDQGWKHYRLGYROXPHIUDFWLRQ99)FRQWRXUIRU
W\SLFDOLQWHUIDFHFUDFNZLWKMT EXQGHUVWUHQJWKRYHUPDWFKRIMS 
,QJHQHUDOWKHUHVXOWVDERYHLQGLFDWHWKDWWKHHIIHFWVRIWRXJKQHVVPLVPDWFKRQ JRFXUYHVIUDFWXUHWRXJKQHVVDQG
FUDFNJURZWKSDWKDUHUHODWHGWRVWUHQJWKPLVPDWFKDQGWKHLQWHUDFWLRQEHWZHHQWKHPGHWHUPLQHVIDLOXUHEHKDYLRURI
WKHLQWHUIDFHV)RUWKHLQWHUIDFHFUDFNVZLWKVWUHQJWKXQGHUPDWFKDQGVWUHQJWKHYHQPDWFKWKHFUDFNVSURSDJDWHDQG
GHYLDWH LQWR WKH $) VLGH ZLWK ORZHU VWUHQJWK DQG WRXJKQHVV DQG WKH IUDFWXUH UHVLVWDQFH EHKDYLRU LV PDLQO\
GHWHUPLQHGE\WKHWRXJKQHVVRI$)DQGGHSHQGVRQWKHWRXJKQHVVPLVPDWFKMT)RUWKHLQWHUIDFHFUDFNVZLWK
VWUHQJWKRYHUPDWFKHGPRVWFUDFNVSURSDJDWHDQGGHYLDWH LQWRWKH$VLGHZLWKORZHUVWUHQJWKDQGWKHIUDFWXUH
UHVLVWDQFHEHKDYLRULVGRPLQDWHGE\WKHWRXJKQHVVRI$2QO\IRUYHU\KLJKWRXJKQHVVPLVPDWFKMTWKHFUDFN
JURZVLQWR$)DQGWKHIUDFWXUHUHVLVWDQFHEHKDYLRULVGRPLQDWHGE\WKHWRXJKQHVVRI$)DQGUHJDUGOHVVRI
WKH VWUHQJWK DQG WRXJKQHVV RI $ ,Q WKHVH FDVHV ZLWK LQFUHDVLQJ VWUHQJWK PLVPDWFK GHJUHH WKH WRXJKQHVV
PLVPDWFKHIIHFWRQLQWHUIDFHIDLOXUHEHKDYLRUEHFRPHVZHDNHQ,WKDVEHHQFRQFOXGHGLQWKHOLWHUDWXUH>@WKDW
WKDW WKHFUDFNJURZWKSDWKVDQGIUDFWXUHUHVLVWDQFHEHKDYLRUIRU LQWHUIDFHFUDFNVDUHPDLQO\FRQWUROOHGE\VWUHQJWK
PLVPDWFKUDWKHUWKDQWRXJKQHVVPLVPDWFK7KHUHVXOWVLQWKLVZRUNLQGLFDWHWKDWWKHFRQFOXVLRQLVRQO\VXLWDEOHIRU
WKH FDVHV RI KLJKHU VWUHQJWK PLVPDWFK KLJKHU MS DQG ORZHU WRXJKQHVV PLVPDWFK ORZHU MT :KLOH IRU WKH
LQWHUIDFHFUDFNVZLWKORZHUVWUHQJWKPLVPDWFKDQGKLJKHUWRXJKQHVVPLVPDWFKWKHFUDFNJURZWKSDWKVDQGIUDFWXUH
UHVLVWDQFHEHKDYLRUZLOOEHFRQWUROOHGE\WRXJKQHVVPLVPDWFKUDWKHUWKDQVWUHQJWKPLVPDWFK7KHSUHYLRXVVWXGLHV
RI DXWKRUV >@ KDYH VKRZQ WKDW WKH ORFDO PDWHULDO FRQVWUDLQW HIIHFWV FDXVHG E\ VWUHQJWK DQGZRUN KDUGHQLQJ
PLVPDWFKHVFDQGHFUHDVHWKHIUDFWXUHUHVLVWDQFHRILQWHUIDFHFUDFNVGXHWRWKHLQFUHDVHRIFUDFNWLSVWUHVVWULD[LDOLW\
$FRPELQDWLRQRIWKHVHUHVXOWVZLWKWKHUHVXOWVLQWKLVVWXG\LQGLFDWHVWKDWGHFUHDVLQJVWUHQJWKDQGZRUNKDUGHQLQJ
PLVPDWFKHVGHJUHHDQGLQFUHDVLQJWRXJKQHVVRIWKHWZRPDWHULDOVDWERWKVLGHVRIWKHLQWHUIDFHFDQLPSURYHIUDFWXUH
UHVLVWDQFHRIWKHLQWHUIDFHFUDFNV
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3.2. Effects of strength and toughness mismatches on failure assessments for bi-material interface cracks 
7KHPHFKDQLFDOKHWHURJHQHLW\LVDQLPSRUWDQWIHDWXUHRIZHOGPHQWVDQGLWSOD\VDUROHLQWKHGHWHUPLQDWLRQRIWKH
IUDFWXUH UHVLVWDQFH DQG WRXJKQHVV 7KH SUHYLRXV VWXGLHV >@ LQGLFDWH WKDW VWUHQJWK DQG ZRUN KDUGHQLQJ
PLVPDWFKHVVKRXOGEHFRQVLGHUHGLQIDLOXUHDVVHVVPHQWVIRUELPDWHULDOLQWHUIDFHVLQGLVVLPLODUPHWDOZHOGHGMRLQWV
7KH UHVXOWV LQ WKLVZRUN IXUWKHU VKRZ WKDW IRU WKHELPDWHULDO LQWHUIDFHZLWK VSHFLILF VWUHQJWKPLVPDWFK OHYHO WKH
WRXJKQHVVPLVPDWFKDOVRKDVVLJQLILFDQWHIIHFWRQ LWV IDLOXUHEHKDYLRU7KH LQWHUDFWLRQEHWZHHQVWUHQJWKPLVPDWFK
DQG WRXJKQHVV PLVPDWFK LQGXFHV WKH FUDFN SDWK GHYLDWLQJ LQWR WKH PDWHULDO VLGH ZLWK ORZHU VWUHQJWK RU ORZHU
WRXJKQHVV DQG WKLV PD\ FDXVHV DQ LQDFFXUDWH PHDVXUHPHQW UHVXOW RI IUDFWXUH UHVLVWDQFH DQG WRXJKQHVV RI WKH
LQWHUIDFH7KHUHIRUHIRUDFFXUDWHDQGUHOLDEOHIDLOXUHDVVHVVPHQWVRIELPDWHULDOLQWHUIDFHVLWQHHGVWRFRQVLGHUWKH
HIIHFWVRIERWKVWUHQJWKDQGWRXJKQHVVPLVPDWFKHVRQIUDFWXUHUHVLVWDQFHFXUYHVWRXJKQHVVDQGFUDFNSDWKV
&RQFOXVLRQV
7KHHIIHFWVRIWRXJKQHVVPLVPDWFKRQIDLOXUHEHKDYLRURIELPDWHULDOLQWHUIDFHVKDYHEHHQLQYHVWLJDWHGE\)(0
QXPHULFDODQDO\VHVEDVHGRQ*71GDPDJHPHFKDQLFVPRGHO7KHPDLQUHVXOWVDUHVXPPDUL]HGLQIROORZLQJ
 7KHHIIHFWVRIWRXJKQHVVPLVPDWFKRQ JRFXUYHVIUDFWXUHWRXJKQHVVDQGFUDFNJURZWKSDWKVDUHUHODWHGWR
VWUHQJWKPLVPDWFKDQGWKHLQWHUDFWLRQEHWZHHQWKHPGHWHUPLQHVIDLOXUHEHKDYLRURIWKHLQWHUIDFHV
 )RU WKH LQWHUIDFH FUDFNVZLWK KLJKHU VWUHQJWKPLVPDWFK DQG ORZHU WRXJKQHVVPLVPDWFK WKH FUDFNJURZWK
SDWKV DQG IUDFWXUH UHVLVWDQFHEHKDYLRU DUHPDLQO\ FRQWUROOHG E\ VWUHQJWKPLVPDWFK UDWKHU WKDQ WRXJKQHVV
PLVPDWFK:KLOHIRUWKHLQWHUIDFHFUDFNVZLWKORZHUVWUHQJWKPLVPDWFKDQGKLJKHUWRXJKQHVVPLVPDWFKWKH
FUDFN JURZWK SDWKV DQG IUDFWXUH UHVLVWDQFH EHKDYLRU DUH GRPLQDWHG E\ WRXJKQHVV PLVPDWFK UDWKHU WKDQ
VWUHQJWKPLVPDWFK
 'HFUHDVLQJ VWUHQJWKPLVPDWFK GHJUHH DQG LQFUHDVLQJ WRXJKQHVV RI WKH WZRPDWHULDOV DW ERWK VLGHV RI WKH
LQWHUIDFHFDQLPSURYHIUDFWXUHUHVLVWDQFHRIWKHLQWHUIDFHFUDFNV
 )RUDFFXUDWHDQGUHOLDEOHIDLOXUHDVVHVVPHQWVRIELPDWHULDOLQWHUIDFHVLWQHHGVWRFRQVLGHUWKHHIIHFWVRIERWK
VWUHQJWKDQGWRXJKQHVVPLVPDWFKHVRQIUDFWXUHUHVLVWDQFHFXUYHVWRXJKQHVVDQGFUDFNSDWKV
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH 3URMHFWV RI WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD

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